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Available online 16 August 2016County based prevalence maps were produced using the annual data from the years 2011 through 2014 of the
prevalence of Toxocara egg shedding inmore than 500,000 pet cat and 2.5 million pet dog fecal samples submit-
ted to centralized testing laboratories. Fecal examination results were obtained at these centers through exami-
nation of the samples by centrifugal ﬂoatation and microscopy, and were previously reported as annual data on
the Companion Animal Parasite Council (CAPC) website. The county maps were generated with mapping and
spatial analysis software, and statistical comparisons made using two data analysis packages. The national
prevalence of eggs in the feces of pet cats and dogs during this four-year period was 4.6–5.1% and 1.8–2.0%,
respectively. Thus, Toxocara cati and Toxocara canis remain considerably prevalent and geographically distributed
in our pet populations in spite of the availability of effective and safe treatments. Furthermore, pet cats are found
to be shedding Toxocara eggsmore commonly than pet dogs. This trendwas especially evident in the Northeast-
ern, Midwestern and Southern regions of the U.S.A. when prevalence rates of fecal shedding for cats and dogs in
different regions were compared using general linear modeling. In spite of this, fecal endoparasite examination
tests for cats comprise only 16–17.6% of the total number of samples annually requested in this data set. This
high prevalence of egg shedding poses a signiﬁcant public health risk, as emphasized by the recent naming of
toxocariasis to the list of the top ﬁve neglected parasitic infections of Americans. Therefore, it is essential for vet-
erinarians to continue to stress to owners the importance of routine anthelmintic treatment for pets of all ages,
and to place greater emphasis on the importance of testing and treatment of parasitic infections in cats.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Public health1. Introduction
Examination of fecal specimens for the detection of parasitic infec-
tions in companion animals has been, and remains, an integral part of
their care. Recently, the historical in-house processing of fecal samples
at veterinary clinics has increasingly shifted toward the use of central-
ized (nation-wide) diagnostic testing centers for such purposes (e.g.
Antech Diagnostics, IDEXX). This new norm, combined with the ability
of such companies to process large numbers of samples using standard-
ized procedures, and to collect and store results, has generated large
data sets that can facilitate valuable insights into regional testing prac-
tices and prevalence of important parasites of companion animals
such as Toxocara. This common parasite of felids and canids may cause
ill-thrift in cats and dogs, deaths in puppies from intestinal perforation
and impaction (Bowman, 2014) and has been recently named to the. This is an open access article underlist of the top ﬁve neglected parasitic infections of American citizens
(CDC, 2014). As there is good evidence thatmost people in theU.S.A. ac-
quire toxocariasis through ingestion of eggs passed into the environ-
ment in the feces of infected canids and felids (Jones et al., 2008),
Toxocara infection in pets and fecal egg shedding are of great public
health importance.
Maps reﬂecting the annual detection of Toxocara eggs in fecal sam-
ples of cats and dogs tested at centralized diagnostic centers for the
years 2011 to 2014, are currently available on the Companion Animal
Parasite Council (CAPC) website (“Parasite Prevalence Maps” CAPC,
2015). These maps offer a broad picture of the percentage of positive
samples in a given area, but do not facilitate side-by-side or year-to-
year graphical or statistical comparisons between counties, states, or
other speciﬁc areas. The CAPC maps do clearly show that Toxocara cati
and Toxocara canis are parasites that remain commonly present even
in animals receiving some level of veterinary care. Thus, the objective
of this studywas to use the existing CAPCmap data to generate detailed
prevalence maps to allow for a closer examination of the trends associ-
ated with canine and feline toxocariasis. These are well known zoonoticthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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are beyond the reach of veterinarians, the veterinary community is
well placed to minimize the prevalence of this infection within owned
pets in the U.S.A.
2. Materials and methods
2.1. Data set
For the generation of the county maps, the percentage of fecal sam-
ples from companion animals containing Toxocara eggs for each year
between 2011 and 2014 was recorded for each county from which
data are available from the CAPC website (www.capcvet.org). These
fecal samples were submitted to commercial laboratories for identiﬁca-
tion of parasitic infections from animals receiving veterinary care. As
shelters commonly have limited funds and are unlikely to submit fecal
samples for analysis to a commercial laboratory, these samples are as-
sumed to represent mainly those of owned animals, i.e., pets. Although
the speciﬁcs on the fecal examination protocols used in the laboratories
are not available, the CAPC website has the following statement regard-
ing the generation of the data: “The roundworm, hookworm, andwhip-
worm data are acquired for the maps via centrifugal fecal ﬂotation.
Because sensitivity and speciﬁcity are variable, all fecal results that fol-
low procedures which include centrifugation and minimum sample
size of one gram are accepted. The resultant data must be interpreted
understanding these limitations.” (CAPC, 2015). The apparent preva-
lence of infection is represented here by the percentage of fecal samples
recorded as containing Toxocara eggs at examination. The recorded
county data (total number of samples tested and number of samples
containing Toxocara eggs) were then linked to the ﬁve digit Federal
Information Processing Standard (FIPS) code (USGS, 2015) which
assigned the county areas to location on the mapping program. The
completed and veriﬁed data set appears as Supplemental Data. Addi-
tionally, state prevalence data was collected from the state tallies
given on the CAPCweb site for each year. Factors inﬂuencing the results
in the CAPC data set are outlined in an expert article on the
organization's website (http://www.capcvet.org/expert-articles/
understanding-the-maps-key-factors-that-inﬂuence-the-results/).
These United States Postal Service (USPS) codes are often unfamiliar to
many living outside the U.S.A., and the choice of abbreviation is not al-
ways intuitive from the spelling of the state's name. For the purpose of
clarity in the text, table, and ﬁgures, the states and the District of Colum-
bia are represented at ﬁrst mention by the name of the state and the
USPS two-letter abbreviation, e.g., Alaska (AK), Ohio (OH).
As the data were transcribed and examined, minor discrepancies on
the CAPCwebsite became apparent andwere resolved to the best of our
ability before performing the data analysis, as follows. The ﬁrst discrep-
ancy observed dealt speciﬁcally with the data compiled for the Com-
monwealth of Virginia (VA). For the District of Columbia (DC) and all
states except Virginia, the totals of tested samples and total of positive
samples presented for the states were equal to the numbers graphed
each year by county on the map. The total number of tests provided
on the CAPC website for the state of Virginia, however, was higher
than that obtained by adding the totals for each individual county in
that state. Virginia has 95 counties and 38 independent cities that are
considered county equivalents, each having its own FIPS code. It is pos-
sible that someof the smaller counties in the statewere not represented
on the map. Some of these independent cities appear on the map, but
counties are not recognized by the CAPC program unless they contain
data. Thus, there may have been data obtained from small independent
cities in Virginia that were not reported on a county basis, but thatwere
includedwithin the total data ﬁle for the state. For this reason,while the
state totals for Virginia are presumed to be correct, only data veriﬁed by
association with a visible county and hence a FIPS designation, were in-
cluded in our analyses. In the case of dogs, with approximately 85,000
cases tested in Virginia each year between 2011 and 2014, the averagedifferences between the annual total given on thewebsite and the num-
bers veriﬁed on the maps by county were 11 positive canine fecal sam-
ples out of 770 tested canine fecal samples. The average annual
differences between the total given on the website and the numbers
veriﬁed on the maps for cats in Virginia, where approximately 20,000
animals are tested annually, was 11 positive feline samples out of 552
tested feline samples for the same time interval. The speciﬁc data for
the Commonwealth of Virginia is included in the supplementary data.
The other minor discrepancy that was noted was between the total
number of U.S. positive tests tallied by summing the data from the
state maps and the respective total number presented each year by
CAPC. This discrepancy could not be accounted for solely by the magni-
tude of the inconsistencies observed for Virginia. Utilizing just the state
totals presented for each year, including the CAPC data for Virginia and
the other statemapswhere there is 100% congruence for all other states,
the sum total of all tests by state did not equal the “grand” national to-
tals that are produced when one clicks on the national CAPC map for a
given year. For themaps showing county-by-county canine roundworm
prevalence based upon analysis of approximately 2.5 million fecal sam-
ples from 2011 through 2014, for example, an average annual discrep-
ancy of 1118 positive tests and 68,796 total tests performed was seen.
The analogous average annual discrepancy for feline roundworm test-
ing for the same time period was 453 positive tests and 12,365 total
tests performed. Regardless, these inconsistencies do not have any di-
rect bearing on the results presented in this study, because data report-
ed as national numberswere not used in any of themap preparations or
calculations. The numerical comparisons of the two sets of numbers are
provided in the Supplementary Data.
2.2. Map creation
Mappingwas performed usingMapViewer Version 8.3.311 (64-bit),
Golden Software, LLC, Golden, Colorado 80401-1866). The state and
county boundaries were deﬁned using the ﬁles supplied by the soft-
ware, Us50alb.gsb for state boundaries and CT201.gsb for the county
boundaries, and identiﬁed to county using the FIPS code. The maps are
presented with the Albers Equal Area Conic projection. The majority of
U.S. counties are not represented in the data set for each map because
from these counties there were no samples submitted; thus, on the
maps they appear within the ﬁgure legend category of “no data.”
2.3. Graphs and statistical comparisons
The graphs were generated using Minitab® 17.2.1, Minitab Inc.,
State College, Pennsylvania, 16801. States were coded into geographic
regions using the precedent set by Blagburn et al. (1996): Northeast
(CT, DC, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT); South (AL, AR, FL,
GA, KY, LA, MS, NC, OK, SC, TN, TX, VA, WV); Midwest (IA, IL, IN, KS,
MI, MN, MO, NE, ND, OH, SD, WI); and West (AK, AZ, CA, CO, HI, ID,
MT, NV, NM, OR, UT, WA, WY). The state two-letter USPS abbreviation
and full state name, color coded to the geographical region appear in
Table 1. General linear modeling with SAS 9.4, Cary, North Carolina,
was used to compare the prevalence rates of eggs in the feces of dogs
and cats in the different regions of the U.S.A. In the case of both dogs
and cats, South Dakota (SD) and North Dakota (ND) were removed
from the analysis because of the lack of data in some years (all years
for cats from North Dakota). This modeling was performed on data
from individual years.Within a year, themodel estimated the egg prev-
alence means the different regions by considering the overall mean of
all counties (a constant equal to the average annual national preva-
lence) and two other factors, host species and geographic region. The
magnitude of change due to "dog" relative to "cat" gives an indication
of the effect of host species on the prevalence rate, and is constant with-
in a year. For estimation of the effect of region, the West region was se-
lected as the region to which all others were to be compared in the
analyses. The estimated effect for each region was constant between
Table 1
Annual percentage fecal egg positive samples (and fecal examination tests performedper state) for Toxocara cati and Toxocara canis by state, calculated from county data gathered from the
CAPCmaps. National totals represent the total number of positive tests in the U.S.A.. State names in column 1 are followed by theUnited States Postal Services two-letter abbreviation, and
the colors represent the regions of Northeast (green), South (black),Midwest (blue), andWest (red) deﬁned by Blagburn et al. (1996). (%Pos= Percentage of samples containing the eggs
of Toxocara; N = the number of samples examined).
State
2011 2012 2013 2014
Cats Dogs Cats Dogs Cats Dogs Cats Dogs
%Pos N %Pos N %Pos N %Pos N %Pos N %Pos N %Pos N %Pos N
Alabama-AL 4.79% 1336 2.26% 13339 4.47% 1587 1.96% 17088 4.32% 1622 1.93% 17905 4.81% 1873 1.96% 20800
Alaska-AK 1.69% 1358 1.63% 5773 1.21% 1236 1.54% 5468 0.96% 1151 1.38% 5216 1.99% 1005 1.46% 5398
Arizona-AZ 0.29% 4833 1.04% 24590 0.29% 4776 0.75% 24389 0.14% 4339 0.78% 24055 0.34% 4960 0.82% 30603
Arkansas AR 7.45% 416 2.62% 2326 9.43% 244 2.84% 844 3.73% 134 0.72% 1677 3.14% 191 0.56% 2318
California-CA 1.58% 63149 2.56% 308494 1.48% 58871 2.52% 300251 1.33% 53726 2.37% 281898 1.13% 53016 2.07% 300775
Colorado-CO 1.12% 5468 1.32% 35816 1.03% 5734 1.25% 37621 0.78% 5788 1.04% 38011 0.84% 6449 1.12% 43704
Connecticut-CT 8.18% 21542 1.98% 89631 7.40% 21917 2.11% 96028 5.86% 21034 1.76% 94834 6.15% 21891 1.71% 103101
D.C.-DC 3.78% 609 0.93% 1834 4.43% 677 2.45% 2040 3.45% 840 1.21% 2899 3.16% 1202 1.50% 3992
Delaware-DE 4.52% 4376 2.51% 17183 5.57% 4398 2.26% 17375 5.03% 3937 2.42% 15255 4.98% 3977 2.26% 16654
Florida-FL 1.39% 28206 0.71% 140966 1.66% 28626 0.72% 148593 1.72% 26053 0.57% 140548 1.73% 28489 0.61% 156893
Georgia-GA 5.31% 10247 1.73% 75178 5.00% 9862 1.52% 70592 5.75% 10147 1.63% 71887 5.93% 12041 1.94% 85889
Hawaii-HI 2.65% 2191 1.55% 14905 2.21% 2439 1.79% 17315 2.37% 2190 1.85% 17361 1.95% 2664 1.75% 20079
Idaho-ID 6.50% 246 2.96% 2131 3.24% 247 2.92% 1881 3.35% 239 2.97% 1849 4.46% 269 3.36% 1965
Illinois-IL 5.63% 15598 1.98% 87928 5.25% 16586 2.04% 94550 4.71% 16950 1.88% 103889 4.91% 19578 1.72% 125114
Indiana-IN 5.67% 13941 2.81% 75931 5.85% 13976 2.77% 78047 5.94% 13495 2.81% 73844 5.66% 14134 2.77% 79599
Iowa-IA 5.47% 1664 1.81% 8783 4.34% 1614 1.54% 8915 4.56% 1425 1.26% 7913 6.00% 1666 1.51% 8323
Kansas-KS 5.56% 1816 1.50% 17586 3.75% 1758 1.36% 16282 4.20% 1642 1.10% 15815 4.80% 1666 1.67% 15472
Kentucky-KY 4.66% 3716 1.87% 27382 5.14% 3835 2.19% 27195 5.64% 3492 2.31% 26024 5.29% 3424 2.14% 26685
Louisiana-LA 1.73% 1677 1.38% 8290 3.00% 1567 1.29% 14190 3.22% 2047 1.35% 21275 3.98% 2439 1.48% 27215
Maine-ME 5.79% 449 2.73% 1902 5.91% 592 3.58% 2260 5.30% 925 2.05% 3273 5.71% 928 2.50% 3795
Maryland-MD 5.50% 29146 2.04% 112655 5.59% 28752 2.18% 111561 5.39% 26479 1.93% 105237 4.94% 26403 1.91% 108260
Massachusetts-MA 5.61% 28006 1.84% 96917 4.83% 27060 1.85% 98785 3.96% 24121 1.63% 89611 4.31% 23289 1.57% 93250
Michigan-MI 6.41% 10587 2.15% 58346 7.05% 9361 2.33% 57501 7.07% 9560 2.19% 55958 7.49% 10107 2.28% 59596
Minnesota-MN 4.81% 5673 1.83% 21806 6.14% 4641 1.74% 17899 4.60% 3260 1.61% 13491 4.86% 3269 1.47% 13034
Mississippi-MS 10.77% 65 2.73% 768 11.26% 151 5.11% 1017 3.08% 130 2.06% 631 9.20% 87 0.27% 375
Missouri-MO 5.61% 1641 2.61% 9922 4.34% 1428 2.37% 8172 5.33% 1295 2.36% 6599 8.92% 1468 2.74% 6105
Montana-MT 2.24% 446 1.24% 2735 2.92% 377 2.79% 1897 2.30% 391 1.70% 2355 2.93% 512 1.52% 2835
Nebraska-NE 4.21% 950 1.93% 4653 3.51% 1140 1.75% 5783 5.17% 929 1.84% 4739 4.70% 787 2.20% 4502
Nevada-NV 0.26% 4927 0.95% 59619 0.50% 5038 1.03% 60801 0.56% 4479 0.98% 57552 0.42% 5216 1.00% 67512
New Hampshire-NH 4.90% 8580 1.52% 23586 4.44% 8259 1.90% 23388 3.59% 7987 1.44% 23365 3.18% 8542 1.37% 27224
New Jersey-NJ 8.06% 41506 1.99% 163635 8.19% 42160 2.10% 168490 7.35% 40785 1.85% 170334 7.34% 43546 1.87% 190017
(continued on next page)
3A. Lucio-Forster et al. / Veterinary Parasitology: Regional Studies and Reports 5 (2016) 1–13
New Mexico-NM 0.57% 1412 1.52% 7681 0.65% 1385 1.23% 8050 0.17% 1192 1.01% 7710 0.70% 1277 0.92% 8352
New York-NY 8.00% 63173 1.94% 260293 8.00% 61668 1.99% 261276 7.17% 58514 1.76% 257388 6.96% 60823 1.71% 274578
North Carolina-NC 4.07% 11084 1.66% 77621 4.37% 11073 1.56% 77953 4.38% 10763 1.42% 74235 3.83% 11823 1.32% 81934
North Dakota-ND 0.00% 0 0.00% 0 0.00% 0 0.00% 16 0.00% 0 0.00% 3 0.00% 0 0.00% 9
Ohio-OH 5.96% 14722 2.59% 67380 5.93% 13731 2.63% 65579 6.01% 13129 2.49% 64373 6.06% 12281 2.42% 60330
Oklahoma-OK 6.56% 1814 2.67% 13325 5.68% 1744 2.63% 13219 5.67% 1816 1.95% 12382 5.02% 1813 1.50% 14062
Oregon-OR 3.08% 9569 2.46% 36141 3.47% 8997 2.31% 34155 2.96% 7913 2.09% 33596 2.91% 8343 2.05% 37161
Pennsylvania-PA 7.13% 46718 2.53% 158025 7.28% 46308 2.61% 162486 6.59% 43622 2.40% 156458 6.34% 42811 2.29% 159132
Rhode Island-RI 7.57% 5101 2.27% 18682 6.18% 4611 2.31% 18370 6.00% 4300 2.01% 17332 5.74% 4614 1.86% 19483
South Carolina-SC 3.87% 3875 1.65% 36106 4.21% 4297 1.92% 34029 3.92% 5152 1.57% 36583 4.27% 5245 1.67% 38198
South Dakota-SD 0.00% 0 2.02% 99 18.18% 33 4.63% 108 0.00% 13 0.00% 26 0.00% 1 0.00% 13
Tennessee-TN 5.30% 3697 2.13% 23161 4.83% 3519 2.44% 24060 5.87% 4125 2.54% 28713 5.67% 4607 2.84% 35053
Texas-TX 2.19% 18578 1.64% 133238 2.21% 18467 1.26% 130277 2.22% 19534 1.19% 137219 2.01% 21451 1.23% 163830
Utah-UT 4.50% 1423 2.16% 7514 4.70% 1383 1.89% 7455 3.42% 1112 1.48% 7303 55% 1353 1.66% 8545
Vermont-VT 4.33% 1639 2.77% 6147 6.38% 1614 2.52% 6915 3.52% 1337 2.02% 6285 4.58% 1812 2.54% 7987
Virginia-VA 3.72% 18275 1.45% 79275 3.91% 18523 1.63% 83918 4.03% 17276 1.45% 81833 4.07% 17634 1.47% 87294
Washington-WA 3.74% 22009 2.87% 86505 3.75% 19857 2.67% 81676 3.14% 16950 2.55% 72699 3.32% 17363 2.33% 78090
West Virginia-WV 5.68% 352 3.98% 1660 8.87% 282 4.45% 1147 11.71% 205 5.25% 876 12.68% 213 4.20% 882
Wisconsin-WI 5.66% 6100 1.66% 25228 5.47% 5336 1.74% 24351 5.69% 4430 1.74% 21962 6.40% 5204 1.73% 23843
Wyoming-WY 3.64% 55 1.07% 559 0.00% 89 1.81% 831 0.00% 96 0.28% 713 3.93% 178 1.40% 858
USA Totals 5.08% 543961 1.99% 2553250 5.07% 531826 1.99% 2572089 4.68% 502071 1.81% 2512989 4.63% 523934 1.76% 2750718
State
2011 2012 2013 2014
Cats Dogs Cats Dogs Cats Dogs Cats Dogs
%Pos N %Pos N %Pos N %Pos N %Pos N %Pos N %Pos N %Pos N
Table 1 (continued)
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national mean prevalence + (0, if cat) + (0, if West) + Constant (for
each of South, Northeast, or Midwest) + Constant (if dog).
3. Results
The total number of tests performed annually from 2011 to 2014
ranged from 502,071 to 543,961 for pet cats, and 2,512,989–2,750,718
for pet dogs (Table 1). The cumulative data set compiled by CAPC for
these four years, contains the results of a total of 2,101,792 feline and
10,389,046 canine fecal tests. Each year, fecal examination tests for
cats comprised only 16–17.6% of the total overall number of samples an-
nually recorded. State prevalence of Toxocara egg fecal shedding ranged
from 0 to 18.2% and 0–5.3% in cats and dogs, respectively, with a preva-
lence between 1 and 8% for cats and 1–3% for dogs being themost com-
mon in the majority of states (Fig. 5).
The statewide annual prevalence of Toxocara egg shedding remained
fairly constant from year-to-year (Table 1; Figs. 1-4). Six states showed
greater variations in annual prevalence for cats than the rest of the na-
tion (Arkansas (AR), Mississippi (MS), Missouri (MO), South Dakota
(SD), West Virginia (WV), and Wyoming (WY)), while for dogs, two
states (Mississippi and South Dakota) showed greater variations. Thefour-year prevalence ranges for T. cati eggs in cat samples (and the
associated range in tests performed) in the six states with the greatest
variation were: Arkansas 3.1–9.4% (134–416), Mississippi 3.1–11.3%
(65–1641), Missouri 4.3–8.9% (1295–1641), South Dakota 0–18.2%
(0 − 33), West Virginia 5.7–12.7% (205–352), and Wyoming 0–3.7%
(55–178). For T. canis, the four-year prevalence ranges of egg shedding
in the two states with greatest variation (and associated ranges in tests
performed) in ranges were Mississippi 0.3–5.1% (375–1017) and South
Dakota 0.0–4.6% (13–108).
The national prevalence of Toxocara eggs in fecal samples from 2011
to 2014 ranged between 4.6 and 5.1% in feline and 1.8–2.0% in canine
samples (Table 1). The prevalence of fecal egg shedding by cats was sig-
niﬁcantly different (P b 0.001) and approximately two to three times
higher than that by dogs during this time period. Overall, the state
data reﬂect the national trend of a higher prevalence of Toxocara egg
shedding by cats. This trend is especially evident in the Northeast,
Midwest and the Southern regions of the U.S.A. (Figs. 1–6). Although
the prevalence of Toxocara eggs in feces is relatively low in both cats
and dogs receiving veterinary care in Arizona (AZ), California (CA),
New Mexico (NM), and Nevada (NV), these areas consistently have
higher percentages of dogs passing Toxocara eggs in feces than cats for
this four year period (Figs. 1–5, Table 1). These states also have a
Fig. 1. Fecal egg shedding prevalence of Toxocara cati (A) and T. canis (B) per county (calculated as the number of egg positive tests/total tests performed in that county) in 2011.
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samples from dogs in Florida (FL) (Figs. 1–5, Table 1).
There was a signiﬁcant difference (P b 0.001) in the prevalence rates
of fecal Toxocara egg shedding by cats and dogs between the four re-
gions (Table 2; Fig. 6). For cats, the mean (±SD) prevalence of eggs insamples for the Northeast, South, Midwest, and West regions for
2011–2014 were 5.7% (1.4%); 5.0% (2.6%); 5.5% (1.0%); 2.1% (1.5%), re-
spectively. For dogs, the mean (±SD) prevalence of fecal egg shedding
for the Northeast, South, Midwest, and West regions during the study
period were 2.1% (0.5%); 1.9% (0.5%); 2.0% (0.5%); 1.7% (0.7%),
Fig. 2. Fecal egg shedding prevalence of Toxocara cati (A) and T. canis (B) per county (calculated as the number of egg positive tests/total tests performed in that county) in 2012.
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gion using general linear modeling, it was evident that both the South
and West regions had signiﬁcantly lower percentages of dogs and cats
with Toxocara eggs in fecal samples than dogs and cats in the Northeast
or Midwest regions (Table 2). There was not a signiﬁcant difference inegg shedding prevalence rates between theWest and the South except
in the year 2013, and there was not a signiﬁcant difference between the
Northeast and Midwest in any of the four years. The prevalence of
Toxocara eggs in the feces of dogs or cats in the Northeast or Midwest
is 1.7% to 2.9% higher than that seen in the feces of tested dogs and
Fig. 3. Fecal egg shedding prevalence of Toxocara cati (A) and T. canis (B) per county (calculated as the number of egg positive tests/total tests performed in that county) in 2013.
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cats and dogs, cats in areas other than the Southwestern U.S.A. had an
approximately 3% higher prevalence of Toxocara eggs in their feces
than dogs from the same region (Figs. 1–6; Table 2).
Florida has the lowest prevalence of canine Toxocara fecal egg shed-
ding of any state with over 1000 samples tested per year, withprevalences of 0.7%, 0.7%, 0.6%, and 0.6% reported for 2011 through
2014, respectively (Table 1). The state with N1000 samples tested that
came closest to the lowprevalence rate observed in Floridawas Arizona,
which had a fecal Toxocara egg prevalence above 1% only in 2011
(Table 1). Nevada tested approximately 60,000 samples per year, and
its canine fecal Toxocara egg prevalence was always very close to 1%
Fig. 4. Fecal egg shedding prevalence of Toxocara cati (A) and T. canis (B) per county (calculated as the number of egg positive tests/total tests performed in that county) in 2014.
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canine Toxocara egg prevalence decreased from 1.5% to 0.92% between
2011 and 2014 (Table 1).
The prevalence of Toxocara in the feces of cats was 1.4 to 1.7% (in ap-
proximately 28,000 tests) in Florida, 0.1% to 0.3% (with around 5000tests) in Arizona, 0.3% to 0.6% (with approximately 5000 annual tests)
in Nevada, and 0.2 to 0.7% (with approximately 1200 tests annually)
in New Mexico (Table 1). Thus, in these four states, the prevalence of
Toxocara eggs in the feces of cats was markedly less than that of dogs
in the three western states that have a relatively low prevalence in
Fig. 5. Graphical comparison of the prevalence of Toxocara egg shedding in pet cats versus pet dogs by state and region in 2011 (A), 2012 (B), 2013 (C), and 2014 (D). The prevalence in
each state is represented by theUSPS two-letter abbreviation colored to represent the same regions as deﬁned byBlagburn et al. (1996) and also used in Table 1 and Fig. 6. Thediagonal line
in these ﬁgures is the representation of prevalence equality for cats and dogs (not the result of a regression analysis); thus, when points fall on this line the percentage of dogs and cats
within a state with Toxocara eggs in their feces would be equal. For points below this line, cats have a lower average state prevalence of eggs in their feces than do dogs, and points above
this line show that cats in a given state have a higher percentage prevalence of eggs in their feces than do dogs.
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with a canine prevalence of 0.5% and a feline prevalence of approxi-
mately 2% (Fig. 4).
4. Discussion
In the U.S.A., the prevalence of Toxocara eggs in fecal samples from
cats is roughly 3% higher than in submitted fecal samples from dogs in
the same region (5–5.7% versus 2.3–2.8%, respectively). Thus, across
the nation, approximately 1 of every 20 cats and 1 of every 60 dogs is
shedding Toxocara eggs. The one exception to this trend is in the south-
western U.S.A., where cats have an egg-shedding prevalence that is less
than that of dogs (Fig. 5). Themaps also clearly demonstrate that dogs in
California south of San Francisco are much more likely to shed round-
worm eggs in feces than cats from the same region (Figs. 1–4). Based
upon our analysis, the regions of the U.S.A. in which both cats anddogs have a signiﬁcantly greater chance of shedding Toxocara eggs in
their feces are the Northeast and the Midwest, as compared to the
South andWest regions. Cats and dogs in the South had similar Toxocara
egg shedding rates as their counterparts in the West region, except in
one of the four years examined (2013, Table 2).
Dogs often practice coprophagy that may include the feces of other
dogs and cats. In a recent report, it was stated that some 49% of canine
samples containing Toxocara eggs in a ﬁrst fecal sample were negative
in a second sample collected three days after the original positive diag-
nosis when the dogs were purposely restrained from coprophagy
(Nijsse et al., 2014). If rates of coprophagy analogous to this were
being captured in the CAPC data set, then the prevalence of Toxocara
eggs in the feces of dogs reported herein might be signiﬁcantly inﬂated.
Although the eggs of the two species, T. canis and T. cati can, and should
be distinguished by careful morphological examination, there is noway
to determine if, or to what extent coprophagy might actually be
Fig. 6. Prevalence of the eggs of Toxocara in the fecal samples of dogs and cats per region in 2011–2014. The data represent themean for the counties in each region for each yearwith the
95% conﬁdence interval determined from individual standarddeviations for eachmean. The colors represent each region, green for Northeast, black for South, blue forMidwest, and red for
West, as deﬁned by Blagburn et al. (1996) (These are the same colors used in Table 1 and Fig. 5.).
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ered not to be coprophagic, the increased prevalence of Toxocara egg
shedding by cats compared to dogs as presented here would be even
greater if canine positive samples from a coprophagic source could be
identiﬁed and excluded from the analyses.
A somewhat lower prevalence of roundworm eggs in the fecal sam-
ples of companion animals in western regions of the country has been
previously noted in studies including two large, nationwide studies of
parasite prevalence in shelter-dog populations (Blagburn, 2009;
Blagburn et al., 1996). However, in a similar study in pet dogs (Little
et al., 2009), the prevalence of ascaridoid eggs in fecal samples in the
Western U.S.A. was slightly higher than that in other geographic regionsTable 2
Regional comparisons using the general linear correctedmodel based on individual county data
(CT, DC, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT); Midwest (IA, IL, IN, KS, MI, MN, MO, NE, ND,
Region Number counties Cats corrected estimated prevalence
2011
Northeast 145 6.59% = 4.48% + 2.12%
South 176 4.92% = 4.48% + 0.44%
Midwest 147 6.71% = 4.48% + 2.23%
West 94 4.48% = 4.48% + 0.00%
2012
Northeast 172 6.91% = 4.00% + 2.91%
South 314 4.27% = 4.00% + 0.26%
Midwest 211 6.47% = 4.00% + 2.47%
West 130 4.00% = 4.00% + 0.00%
2013
Northeast 172 5.66% = 3.32% + 2.34%
South 300 4.53% = 3.32% + 1.21%
Midwest 212 6.10% = 3.32% + 2.78%
West 129 3.32% = 3.32% + 0.00%
2014
Northeast 169 6.11% = 4.44% + 1.67%
South 299 4.56% = 4.44% + 0.12%
Midwest 200 6.79% = 4.44% + 2.35%
West 128 4.44% = 4.44% + 0.00%
⁎ PHT = Post Hoc Test Groups using Tukey’s HSD. Post hoc test results shown are all signiﬁcof the country. In a report on fecal examinations on 66,819 pet cats from
across the U.S.A., the prevalence of fecal shedding of Toxocara eggs was
found to be lower (b2%) in theMountain and South Paciﬁc regions than
in the rest of the country (N2%) (De Santis et al., 2006); these regions are
included in the “West” region in our report. Theﬁndings of theDe Santis
et al. (2006) study agree with our observation that owned cats in the
West are approximately 2.5 times less likely to be shedding Toxocara
eggs than those in the rest of the country and at least as likely to have
Toxocara eggs in their feces as owned dogs in the same region.
In a previous national survey of shelter cats, the data were
partitioned into the same regions used in here, and the percentages of
cats shedding Toxocara eggs were reported as 28.1% in the Northeast,from each region [South (AL, AR, FL, GA, KY, LA,MS, NC, OK, SC, TN, TX, VA,WV); Northeast
OH, SD, WI); and West (AK, AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY)].
Number counties Dogs corrected estimated prevalence PHT⁎
156 3.41% = 4.48% + 2.12%− 3.18% B
220 1.74% = 4.48% + 0.44% - 3.18 % A
167 3.53% = 4.48% + 2.23%− 3.18% B
109 1.30% = 4.48% + 0.00%− 3.18% A
185 4.37% = 4.00% + 2.91%− 2.53% B
380 1.74% = 4.00% + 0.26%− 2.53% A
267 3.94% = 4.00% + 2.47%− 2.53% B
157 1.47% = 4.00% + 0.00%− 2.53% A
181 2.95% = 3.32% + 2.34%− 2.71% B
370 1.82% = 3.32% + 1.21%− 2.71% C
248 3.39% = 3.32% + 2.78%− 2.71% B
149 0.61% = 3.32% + 0.00%− 2.71% A
181 3.16% = 4.44% + 1.67%− 2.96% B
365 1.61% = 4.44% + 0.12%− 2.96% A
237 3.83% = 4.44% + 2.35%− 2.96% B
142 1.48% = 4.44% + 0.00%− 2.96% A
ant at p b 0.05 level.
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(Blagburn, 2009). A smaller local survey of 1322 fecal samples from
shelter cats from the Northeast in Ithaca, New York (NY), found a level
of Toxocara eggs, i.e., 21%, that was similar to that of the national sam-
pling (Lucio-Forster and Bowman, 2011). The regional prevalence of
Toxocara eggs in the feces of owned cats reﬂected in the CAPC data, is
much lower than that previously described for shelter cats: 7.0% ±
4.8% in the Northeast, 4.3%± 8.5% in the South, 6.9% ± 6.6% in theMid-
west, and 2.7% ± 6.1% in the West, with an overall prevalence for the
four year period of 5.3% ± 7.2%. However, our report highlights that
owned cats receiving veterinary care continue to routinely shed
Toxocara eggs in their feces. Also, owned cats in this study shed eggs
at a prevalence rate (5.3% ± 7.2%) which was two times that of
owned dogs; thus, although egg shedding by owned cats is reduced
when compared to cats in shelters, owned cats shed roundworm eggs
in their feces more commonly than owned dogs in the U.S.A.
Owned cats in the U.S.A. have a lower prevalence of Toxocara egg
shedding in feces than those in other parts of the world. A recent
study of fecal samples from 1511 client-owned cats in the European
Union (France, Italy, Austria, Belgium,Hungary, Romania, and Spain) re-
ported T. cati eggs identiﬁed in 19.7% (95% CI = 17.8–21.8%) of the ex-
amined samples (Beugnet et al., 2014), a prevalence rate that is
similar to that which has been reported in shelter cats in the U.S.A. A re-
cent national survey of fecal samples from 636 cats from shelters in
Canada showed a T. cati prevalence of 16.5% (95% CI = 13.7–19.6%)
(Villeneuve et al., 2015), also similar to that which has been reported
for shelter cats in the U.S.A. (Blagburn, 2009). However, in comparing
the prevalence of eggs in the feces of pet cats, some regions in Canada
appear to have a higher prevalence than that which has been reported
from similar geographic localities in our analysis of owned cats (i.e. 9%
of 78 pet cats in Prince Edward Island (Uehlinger et al., 2013), 12.2% of
41 pet cats in Ontario (Shukla et al., 2006), 4.7% of 644 and 0% of 31
pet cats in Saskatchewan, (Hoopes et al., 2013, 2015), and 1.47% of 68
pet cats in Alberta (Joffe et al., 2011)). The data from pet cats in
Canada appears to be in agreement with the observation that eggs are
more common in the feces of pet cats in the northeastern part of the
continent than in the west central part of North America.
There is good evidence that the routine use of anthelmintics can
decrease the number of Toxocara-infected animals in a population. It
has been remarked that the introduction of monthly heartworm pre-
ventives with activity against intestinal parasites (e.g. Interceptor®
(milbemycin oxime) and HeartGard® Plus (ivermectin with pyrantel)),
markedly reduced the prevalence of ascarids and hookworms in dogs
visiting the veterinary clinic of the hospital at the University of
Pennsylvania (Gates and Nolan, 2014). In addition, the opinion of the
European Scientiﬁc Council of Companion Animal Parasites (ESCAAP),
is that increased deworming frequency effectively reduces parasitic
infections, and that “monthly worm treatment can largely prevent
patent infections as it accounts for the biology of the parasites.” (Epe,
2009; ESCCAP, 2015). In Canada and Europe, due to the lack of concern
about heartworm transmission among many veterinary practitioners,
concerns about potential side effects of regular prophylactic
deworming, the potential of developing resistance of ascaridoids to
macrocyclic lactones, and, in some countries, the requirement for a
positive fecal before a product can be administered (Brophy and
Peregrine, 2009; ESCCAP, 2015), regulations are often much as sug-
gested by the Canadian Guidelines for the Treatment of Parasites in
Dogs and Cats (Beck et al., 2009), i.e., “All dogs and cats over six months
of age should have at least an annual fecal examination and be assessed
for risk of parasitic infection including gastrointestinal helminths, heart-
worm, ﬂeas, and ticks,” or as suggested by ESCCAP: “There is surprising-
ly little information about the impact of re-treatment intervals on
parasite burdens and environmental contamination on which to base
a maximum re-treatment interval. However current information
suggest annual or twice yearly treatments does not have a signiﬁcant
impact on preventing patent infection within a population, so atreatment frequency of at least 4 times per year is a general recommen-
dation. Where an owner chooses not to use anthelmintic therapy
regularly or local legislation requires diagnosis or risk assessment
prior to treatment, then monthly or 3 monthly fecal examination
may be a feasible alternative” (Coati et al., 2003; Epe, 2011; ESCCAP,
2015).
Toxocara infects animals of any age. Blagburn et al. (1996) reported
that over 10% of the shelter dogs shedding Toxocara eggs in their
studywere N3 years of age. In another study, 10.6% of shelter cats in Cal-
gary, Canada were shedding eggs of Toxocara, and 10.9% of those shed-
ding were greater than a year in age (Joffe et al., 2011). Similar ﬁndings
have been reported with owned animal populations: Little et al. (2009)
found approximately 10% of owned dogs shedding Toxocara eggs were
N3 years of age. Studies of owned domestic cats in Europe showed
that of the1500cats having a knownage, 38.1%of thoseunder 6months,
26.6% of cats between 6 and 24 months, and 10.9% of those N2 years of
agewere shedding eggs in their feces (Beugnet et al., 2014). Thework in
Europe also showed that cats that had received 3 or more anthelmintic
treatments and thosewith limited outdoor accesswere signiﬁcantly less
likely to have T. cati eggs in their fecal samples (Beugnet et al., 2014).
The ESCCAP Guidelines for worm control in dogs and cats state that
“For adult dogs and cats: it has been shown that an increase in treat-
ment frequency effectively reduces the occurrence of positive animals;
studies have shown thatworming four times a year does not necessarily
eliminate patent infections, while amonthlyworm treatment can large-
ly prevent patent infections as it takes into account the biology of the
parasites.” (Epe, 2009; ESCCAP, 2015).
It has been suggested that the prevalence of T. canis in dogs is lower
in Florida than in the West due to the routine use of broad spectrum
parasite control in the presence of a clear danger of heartworm infection
(Little et al., 2009). Comparison of the prevalence rates of egg shedding
by cats and dogs in this report is supportive of this hypothesis; perhaps
dogs in Florida that routinely receive heartworm prophylaxis are
beneﬁtting from the added protection of these preventive agents
against Toxocara, and cats that for the most part do not receive heart-
worm prophylaxis and are more likely to have patent infections due
to predatory behavior (Sprent and English, 1958), are not being
protected against Toxocara infections. Whatever is reducing the shed-
ding rate of roundworm eggs in dogs in the West as compared to the
rest of the country (e.g., regional aspects such as soil type, climate,
moisture content of the soil, percent of land coverage with fresh
water), may also be reducing the prevalence of shedding by cats. Al-
though the exact factors inﬂuencing the differences in shedding
noted here are not evident, the ﬁndings do suggest that there is
something different going on between dogs and cats with respect
to Toxocara infection (and egg shedding), and that cats are probably
not being as stringently protected against heartworms (and other
parasites), as are dogs.
The method selected to examine fecal samples, due to their varying
ability to detect parasites, can have signiﬁcant impacts on the preva-
lence of eggs recovered in samples examined. The survey looking at
Toxocara eggs in the feces of 1179 shelter cats using centrifugal sucrose
ﬂotation found a prevalence of 28.1% in the Northeast, 19.8% in the
South, 24.4% in the Midwest, and 17.9% in the West (Blagburn, 2009).
The large survey on 66,819 fecal samples from pet cats collected during
2003 found an overall prevalence of roundworms eggs in the feline fecal
samples of 2.92% (De Santis et al., 2006), which is much lower than that
presented herein using the CAPC data. The fecal samples reported in the
2006 survey (De Santis et al., 2006)were examined using stationary ﬂo-
tation utilizing Fecalyzer® devices with OvaSol zinc sulfate at a speciﬁc
gravity 1.18. As reported by others, this stationary technique is less ac-
curate at egg detection than centrifugal ﬂotation techniques (Zajac
et al., 2002). The data collected by CAPC utilizes centrifugal ﬂotation
with aminimum sample size of one gram,whichmay explain the differ-
ences in Toxocara shedding detected. Still, themap of prevalence shown
in the pet cat survey (Figure 4 inDe Santis et al., 2006) approximates the
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ysis fairlywell, including the apparent lower prevalence of egg shedding
in Florida, the Mountain states, and California.
The data indicate that fecal samples from pet cats are not being
examined as regularly as feces frompet dogs. Therewere approximately
ﬁve times more tests requested for pet dogs during each of these four
years. This may be due to the public perception that cats do not
need to visit veterinary clinics as often as dogs and do not require pro-
phylactic treatment for parasitic helminth infections. However, the
data argue that cats are amajor source of environmental contamination
with T. cati eggs. Furthermore, it is very likely that cats, even within the
yard or house in which they live, may become infected due to
their predatory nature as evidenced by studies showing that infective
larvae of Toxocara are fairly common in rodents and are likely to also
be found within the tissues of birds (Okoshi and Usui, 1968; Dubinsky
et al., 1995; Webster and MacDonald, 1995; Taira et al., 2012;
Antolová et al., 2013).
Toxocara has recently been named one of theﬁve Neglected Parasitic
Infections (NPIs) in the U.S.A. by the Centers for Disease Control and
Prevention (CDC, 2014). Toxocara is on this list with Toxoplasma gondii,
Trypanosoma cruzi, Taenia solium (cysticercosis), and the human-
restricted infection Trichomonas vaginalis. The only one of these infec-
tions in which veterinarians can make a rapid, direct, and meaningful
impact is with Toxocara (T. canis and T. cati). These parasites of dogs
and cats are treatable and preventable, and the only source of the eggs
that lead to human infection is the feces of infected canids and felids.
Importantly, the vastmajority of infective eggs likely come fromdomes-
tic dogs and cats. While owners are encouraged to keep their dogs on a
leash and promptly pick up feces after defecation, cats are not common-
ly as restricted in their wanderings. Cats defecate in loose soils (e.g.
sandboxes and garden beds) with which people are likely to come
into contact. Furthermore, cats bury their feces, making removal or
avoidance problematic. This combination of factors makes it quite likely
that Americans are being exposed to Toxocara of cat fecal origin, a pos-
sibility supported by the observation that people infected with
Toxoplasma are more likely to have Toxocara co-infections (OR = 1.91,
95%, CL 1.59–2.28) (Jones et al., 2008). This information highlights the
importance of encouraging cat owners to bring their cat to the veteri-
narian for preventive care on a regular basis.
5. Conclusion
Great strides have beenmade in improving the health of companion
animals through the prevention and treatment of parasitic diseases.
While owned animals receiving routine veterinary care are less likely
to be a source of Toxocara eggs, and are thus less likely to contribute
to zoonotic infections, than those animals not receiving such care, pet
cats are currently approximately two to three times more likely to be
shedding eggs of this parasite in their feces than pet dogs. In spite of
this fact, fecal examination tests for cats comprise a small proportion
of fecal examinations annually requested, and cats are less likely to be
receiving preventative anthelmintic products (e.g. monthly heartworm
preventatives). Furthermore, infection and reinfection through preda-
tion is likely in cats with outdoor access, and these pets can increase
the environmental contamination with eggs that can persist for years
in the environment (Papajová et al., 2008). It is, therefore, essential for
veterinarians to continue to emphasize the importance of routine an-
thelmintic treatment for pets of all ages to owners, and to place greater
emphasis on the importance of testing and treatment for intestinal par-
asites in cats.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
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